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ISrVlCSTIGATlONS Oil THS TE^TSPOR^ATICIT 0? S'lrSD POTATO.-;S

MM IFSS'RASKiY TO TS^vAS AiJD ALABi^l^IA l/

.

The tvJD transportation tests covered "oy this report \-rere made as a resvO-t^

of several seasons of experimental work to determine the effects of holding

temperatures prior to planting on the emergence and yield of !Teora.sita seed

potatoes when they were pla^nted in the early potato districts of Texas and

Alaoajna. These studies were conducted "oj representatives of the Depa-,rtment

of HorticiTlture of the Nehraska Agricultural Ercperiment Station in coopera-

tion with Srazich Experiment Stations at Alliance, ITehraska, Tairhope,

Alahaina, and Weslaco, Tsxas. They were concerned largely vdth means of

shortiining th? dormajit period of Bliss Triuinph potatoes in order to ohtain

more rapid emergence. The studies indicated that a period at a teriocrature

soraev/hat' higher thajn tha.t to which the potatoes were exposed in the storage

cellars was desiraole for potatoes which were to he planted in the South

during Decemoer, January, and early I'ehruary,

Since the seed potatoes a.rc moved from the storage cellars in ITehraska to

the southern potato districts prior to the mid-\irinter and early spring
planting season at a time when tr,-\nsit temperatures are uncertain, varia.hle,

and sometimes rather low, it appeared that some "benefit might he derived
from more adequate hearting aJid air circula,jbion in the refrigerator cars
during the transit period.

The tv/o trajisportation tests (!Iehraska-l-i942 and l\fehraska-l-1943) reported
herein were planned and conducted (l) to determine the temperature condi-
tions under which pota.toes a.re commonly transported, (2) to ascertain the
possihilities of raising or maintaining load temperatures hy means of au-to-

matic heaters an.d forced air circialation as compeared with the commonly used
charcoal heaters and natural air circula.tion, and (3) to determine the effect
of thosn temperature conditions on the field performance of selected sajnplos

of potatoes from each of the test ca.rs.

if' This work was initiated at the request of H. 0. Werner of th3 ITehi-aska

Agricultural Sxperiment Station a,s a result of findings in stora^.-o experi-
ments vdth seed pota,toes that v/ere conducted during the last few yea.rs.

He v;as rcsponsihlc for plajining the storage phases, prescrihing the ship-
ping tejiT,j.oratures to he -orovidcd, ajad arranging for the test loads of
potatoes. In addition ho rendered valxiahlc assistance at the time the test
cars \-^ere loaded.

The transporta.tion tests wore under the general direction of D. Pisher,
Principal Horticulturist, in charge of Investig,-^tions on Handlin;.;, Trajis-

portation and Storage of Fruits and Veget-'hles , U. S. Department of
Agri cult-are.



Only the transit phases of the problem are covered in this report. A more
comprehensive report covering the effect of storage and transit temperatures
on the emergence and yield of potatoes vrill be issued when all of the data
are available.

M3TH0DS

Cars and Heaters

The general outline of the tests is shovm in Tables 1 and 2. Five cars
equipped' with circulating fans and four standard cars \^er^ used in each
test. Ths circulating feJis were the latest type Preco floor fan, which
operated by a friction drive from the car wheel and moved the air toward the
bottom bulidies^d opening, through the bunker, axid out the top bulkhead open-
ing over the load.

In the first test only two cars were equipped with thermostatically con-
trolled alcohol heaters, as the highest thermostat setting was 45° F. on the
F.G-.3. automatic alcohol heaters used and consequentlj/' they could not be
used in the cars to be shipped at 65°. In addition, the F. Gr. S. automatic

heaters wer.o equipped vrith a steajn-turbine-operated blower fan, which forced
heated air through a flexible pipe boneath the floor rack. As the direction
of air movement by the heater fan v/as opposite to that created by the Preco
floor fan, the F, G. E. hea.ters were not adapted for use in fan-equipped cars.
One F. 0-. E. automa.'tic hea-ter was placed in each bunker of cars G- and K,

which were standard cars, carried at low temperatures.

Seven care- in zho first test were equipped with .che^rcoal heaters. These
were small-/.^cdel Simplex heaters with 20-pound fuel magazine, 14-inch fire
pot, and manually operated draft slide. The heaters were placed on the

drip pans in the b-anksrs. As there appeared to be a possibility tha.t the

increased draft caused by opera.tion of the circulating fans would cause
excessive burning in the cha.rcoal heaters, a metal baffle was placed around
the base of each heater in fan cars. The baffles consisted of metal rings
about 4 inches in height and 4 inches' larger in diameter than the base of

the heater. These were held in place by 2-inch blocks placed at intervals
between the heater and the ring baffle.

In the second test five fan cars a^nd tvro standard cars were equipped with
P.F.S, thermostatically controlled alcohol heaters. These heaters had
thermostatic settings up to 75° and v.rere vjithout air-circulating devices,
so they could be used in fan cars and in loads to be carried at the higher

temperature. Cars L, N, R, and S, in which the potatoes were to be kept
warm or to be warmed in transit, had an alcohol heater pla.ced in each bunlcer;

whereas cars M, P, and T, which were to be carried at lower temperature,
had an alcohol heater in only the front bunker of each car.

One cha.rcoal heater was placed in each bunker of cars V and X. These were

Klauer-Baxter Juniior "Take-Dovm" heaters with a magazine capacity of 23

pounds of fuel and a 10-inch fire pot. They were pla.ced on the ice grates

in the bunkers.
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Table 1* Plan of Xxp«rinent( Seed Potato Transportation Test, Scottsbluff,
lebraska to Husselltown, Texas - December iH to 21, 19^2.

TXST GAS HO.
imsbtL

STOBA.aX

TBXA.TMZNT

SHIPPING
THSA.TMXBT

CAE TTPB GROWSEL

A wn CC\t dCWJX oo4ob WW Nored to warm room
at arerage temp* of
55-60 • for U weeks
before loading.

Shipped warm; char-
coal heaters. Held
near 65* 'i»

Preco Tans Bhrman

B m 66U63 ¥C do.

^»

Shipped cool; char-
coal heaters. Held
near 38*.

do. do.

C BBI CW Kept eool until
shipped.

Shipped warm; char-
coal heaters. Warmed
to 65 •. 2/

do. do.

D cc do. Shipped cool; char-
coal heaters. Held
near 38®.

do. do.

I (Cw)-w Mored to warm room
at arerage temp, of
55-60* for 1 week
before loading.

Shipped warm; char-
coal heaters. Held
near 65

do. do.

T Warmed 3 veeks in
cellar from ^3* to
about 65 ••

Shipped warm; char-
coal heaters. Held
near 65 ••

Standard 0. Barbour

m 67887 VC-B do. Shipped cool; alco-
hol heaters set at

do. do.

H m 67189 Kept cool until
shipped.

Shipped warm; char-
coal heaters. Warmed
to 65

do. do.

K wn 67523 CC-B do. Shipped cool; alco-
hol heaters set at
3^«.

do. do.

1/ W B warm; C = cold. The first letter indicates storage treatment; the
second, shipping treatment. B indicates tests with second lot of potatoes.

2/ Oas samples for carbon dioxide determination.
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TaT)le 2. Plan of Ibcperlment, Seed Potato Transportation Teat, Oering,
Nebraska to Robert sdale, Alabama - January 15 to 26, I9U3.

TBST CAE NO.
XXP2R->

IMENTi/
STORAGE

TREATMENT
SHIPPING
TREATMENT

CAR TYPE GROWER

L
PTE
76^30 WW-N Prewaraed 18 days at

60-65 • T.

Shipped warm; 2 alco-
hol heaters set at

Preco Tans H. Shaver

M WC-N Prewaraed 18 days at

DO—05

Shipped cool; 1 alco-
noi neaier sex a& _5*t'

do do

IS 76191 . CW-N Kept cool tint11

sMpped.
Shipped wara; 2 alco-
hol heaters set at

DO", d/

do do

P 76l9« CCN Kept cool until
shipped.

Shijjped cool; 1 alco-
hol heater set at 3^*

do do

E 76H17 (CW)W-N Prevarmed 1 week at
60-65®.

Shipped wara; 2 alco-
hol heaters set at

55®.

do do

S 75«69 VW-C Prewarmed 3 weeks at

60-65®, then 5 weeks
at 50-55

Shipped warm; 2 alco-
hol heaters set at
50®.

Standard C. Barbour

T 75^9^ WC-C Prewarmed 3 weeks at

60-65®, then 5 weeks
at 50-55®.

Shipped cool; 1 alco-
hol heater set at 3^®

do do

V 75100 CW-C Kept cool until
shipped.

Shipped wara; 2 char-
coal heaters. Raised
to 65® aver. 2/

do do

X 75396 dec Kept cool until
shipped.

Shipped cool; 2 char-
coal heaters. Handled
regular C. P. S,

do do

1/ W B wara; C s cold. The first letter indicates storage treatment; the
second, shipping treatment. The final letters (N or C) indicate tests
*d.th different lots of potatoes.

2/ Gas samples for carbon dioxide, oxygen, and carbon monoxide determination.
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Pre-heatlng of Cars

Cars that were to he carried at the higher temperatures vrere pre-heated to
some extent before loading. In the first test this was accomplished hy
lighting the cha^rcoal heaters in the "bunkers the evening before loading
was begun. The heaters were removed from the bunlcers a few minutes before
the commencement of loading, and doors on bot?.i. sides of the car were opened
for a brief time to remove the f-ames. This was not a very satisfactory
procedure, as a brief airing did not clear fumes from the car; and with a
longer airing nmch of the benefit from the pre-heating was lost.

For the second test some hot-blast kerosene heaters furnished by the
Pacific Fruit Express Co. were used. These were placed in the body of the
car and operated for a period of two to three hours prior to loading. A
rapid increase in temijerature was obtained, and no objectionable fumes were
noted.

Method of Loading

All cars were loaded essentially by tho "Pyrajnid Through Load" method, as
developed and described by tho Freight Container Bureau. 2/ In the first
test a fev/ slight variations occurred in loading due to unfarailiarity of
some of the loaders with the method; but the Tariations were minor, and did
not intorforo with the proper carrying of the loads. All cars in the second
test were loaded exactly according to the published description. A photo-
graph of one of the partially completed loads in a test car is shown in
Figure 1,

Placement of Thermometers

Potato temperatures vrer^ taJcen at ten different positions in each car by
means of electrical resistojice thermometers. As the danger of freezing
damage is gree.test in the layer next to the floor racks, thermometers v/era

placed in potatoes in five bottom bags. Two thermometers were placed in
potatoes in the center layer of bags and three in the top layer. Air
temperatures were taken at the bottom bulkhea.c' opening just below the floor
rack, a,nd at the top centerline doorvray about 18 inches from the car ceiling.
Detailed iizformation on bulb placements is shown in Table 3,

2/ Recoromended Arrangement for Loading 45,000 Pounds of Potatoes in 100-

Poujid Bags by the "Pyramid Through Load" Method. Bulletin No. 43,
Association of American Railroa.ds, Freight Container Bureau.
December 1, 19 "P,,



Table 3« Location of Electric Hesietance Thermometers in Carloads of

Seed Potatoes.

POSITTOW

OS GASLX 07: CAB
LATER

^OCATIOW)U J. wXI

STACK
BOW

1 Air Zast Bottom 1/ Bunker Centerline

2 Potato East Bottom 2/ Bunker Centerline

3 Potato East Top 2/ Bunker Centerline

Potato East Bottom 2/ (^Length Centerline
«

5 Potato East Middle 2/ QrLength Centerline

6 Potato East Top 2/ QrLen^th Centerline

7 Potato Center Bottom 2/ Doorway Horth Side

8 Air Center Top i/ Doorwr.7 Centerline

9 Potato West Bottom 2/ <^ength Centerline

10 Potato West Middle 2/ Q-Length Centerline

11 Potato West Top 2/ (^Length Centerline

12 Potato West Bottom 2/ Bunker Centerline

l/ Bulb In front of bottom btilk-head opening, beneath floor rack.

2/ Balb in potato about 12 In. down in sack from sewn end.

^ Bulb hung from ceiling a few inches abore top of load.
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fiag Sample s

Copper tubing of l/4-inch outside diamster vas placed in t'-ro cars in oach
test for the purpose of obtaining samples of the car a.tmosphere for analysis.
One end of the tubing was placod about even v/-! th the top of the load at the
doorway position and the other end was brought out between the doors a-nd

extended a. few inches beyond the closed doors. Samples were ob ta.inr3d by
drawing air through the tubing by moans of an aspirator bulb. During the
first teiit c.nalyses I'ere ray,de at the time of sampling by means of a Ha.yes
Portable G-i.s Analyzer. Due to the extremely slow absorption of ox^rgen,
however, satisfactory analyses for oxygen ajid carbon monoxide could not be
obtained by this method. Daring the second test sajnples were secured in
gas sampling tubes, and th'^se samples were analyzed for ca,rbon dioxide,
oxj'-gen a^id ca.rbon monoxide by means of an Orsat Gas Analyzer after the
termination of the trip. All of the samples for gas analysis were drawn
from the cars before the hatches were opened for the daily servicing of the
heaters.

Test Bagr- for Planting Trial
s_

Bags of tno regular lord in each car were specially marked with extra tags
giving the car number rnd bag location and placed in each test car in the
positions at lyhich temp oratiirss v/ere taken, '//hen cars of the first test
i^fere unloaded, one marked bag vra.s witl'iheld from each of three positions in
each car representing the high, low and mean transit temperature. Those
bags were taken by rops'Gsentatives of the Texas Agricultural Experiment
Substation at Weslaco for 'planting tests according to a prearranged pla-n.
Marked bags from th-:? c'.rs in th? second transporta.tion test were taken from
2 bottom-layer, 2 middr.e-layer, and 2 top-lay>^r positions in each car.
These six ba.gs from eaih car were delivered to representatives of the
Alabama Gulf Oaast Substation, Fairhope, for planting trials in Baldwin
County to determine th'j time of emergence, growth, and yield v;hen grown in
replicated plots ui;der conparcible conditions.

HSSULTS AI© DISCU..3I0N

First Test ~ Nebraska to Texas

Loading

The nine cars invol/od in this test verc loaded during a two-day period
(December 14 and 15) i.i vmich outside temperatures ranged from 31° to 50° F,
As^shoiwi in Toblo 4, 1 3mpcra1;ures of pctatoes from the cellars varied from
^^0 *° tir:ie of loadii/,. The potatoes that had been pre-warmed at
60 ~ 65 for different periods befor3 loading '-rere hauled in open trucks
for several miles to the cars, ajid cooled somewhat during that period. Most
of the pre-warmed potatoes were 55° or ^farmer at loading, although a few
temperatures lower t.b.an that were obser- -ed.
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Schedule and Outside Temperatures

Loading v/as com-:leted at 4:00 P.M. on December 15, and the test cars left
Scottsbluff at 10; 15 P.M. The roiite and schedule of the test train TDe'cveen

Scottsbluff
, L'ebraslca, and Eusselltovn, Texas, are shovm in Table 5.

Outside temperatures throughout the trip vere moderate to vrarm (Figure 2).
As a result, the trip was not as productive of results on efficiency of hea.ter

operation as it would have been had lower temperatures prevailed.

Heater Operation

The record of heater manipulation is shown in Tables 6, 7, and' 8. Difficulty
was encountered when the fire in charcoal heaters would get up into the
magazine. There is some evidence that this was due to the increased draught
from fan operation. The evidence, however, is not conclusive, for the rear
heater in Car H (Standard Car) and the front heater in Car A burned in the
magazine, each at a time when the front fan was turned off. Some trouble
was also caused by the heaters' going out ever, though there was abundant fuel
present in the magazines. It was felt, however, that this was due to the use
of the large size charquettos. These v;ere not recommended for the smaller
heaters, but were used because none of the small size charquettes were
available.

Unfortunately, no informa.tion was secured on the operation of the F.G-.S,

automatic heaters. The thermostats on these were set at 32°, and because
of the moderate weather encountered enroute, the air temperature in the cars
containing the automa,tic heaters never reached a temperature sufficiently
low to start the heaters.

Circulating Fans '

Air tempera-tures taken at the top doorvra,y and bottom bulkhead positions in
Cars C and E are shown in Figure 2. These curves illustra^te very clearly
the effectiveness of the circulating fans in equalizing temperatures through-
out the car. Car H (Sta,ndard Car) shows a rapid spread in air tempera.ture
after the heaters were lighted on December 15. The charcoal heaters in this
car v/ere both operating vrith the draft slides set at "fast burn" until noon
of December 18. At that time there was a spread of 23 degrees F. between
air temperatures in the two positions. The draft slides were then r3djusted
to "slovf burn" and as a result, the top air temperature was gradually de-
creased. The bottom air temperature rose gradually throughout the trip,
partly at least, ac. a result of moderate outside temperatures. Car C was
loaded on December 14 and the heaters lighted the sa^me afternoon. There v;as

a sharp rise in top air temperature vrhile the car wa.s standing; but this wa.s

decreased appreciably after it started moving. The spread between top and
bottom air temperatures v;as only from 5 to 8 c'egrees after the trip was begun.
Potato temperatures were also equalized ma.terially by the fane. This was
particularly noticeable in tho ca.r3 v;hich were loaded with cool potatoes and
warmed in transit. The potatoes in Car C (Figure 5) showed a temperature
spread of only 2 to 4 degrees after the cars started moving; whereas the
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Table 5. Schediile of Teat Train - Scottsbluff , Nebraska to Riisselltovm,

Toxae - Houtiag, C. B. (Sfe Q,. , Scottsbluff to Kansas City:

M. P., Kansas City to Russelltovrnt Texas - Transportation Test,

Nebraska. I9U2-I.

AfiRIVSD

STATION
DEPAHTED

DAT2 TIMZ DATS TIMS

Scottsbluff. Nebr.^wV V V 0 W^ vLM ^9 M0 wX • 1 9—1 R xUS J.5

el' jyJ
A UA* n* 1 9_1 (\ A UA. n.

Xc"*XD 1 9—1Xc—XD 0:05 A U

M» V w 1 ^
1 9—1 AXc—XD 1:50

D •
1 9—1 ^>Xc—XD in* AAxu< uu

A U ^aqLXIVSV VX wjrf Ivft 1 9—1 7Xc—X 1 1 * 10

1 9—1 7 "D U ^xicxcLOiif no* 1 9—1 7

1 9—1 R 7*1 k MA* n« 1 9—1 HXc—xo 0. X5 A. n.

11:25 A.M. Wvnna - Arlr

^

19—1S(X c. X0 12:20 P.M.

12-18 P.M. 12-19 8:50 A. M.

12-19 9:00 P.M. Alexandria* La. 12-20 12:50 A. M.

12-20 5:00 A. M* CeQulncyt La. 12-20 7:30 A. M.

12-20 »+:lO P.M. Houston, Texas 12-20 6:45 P.M.

12-21 U:00 A.M, Eingsrille, Texas 12-21 5:00 A« M«

12-21 9»00 A. M« Harlingen, Texas 12-21 10:30 A« M*

12-21 1:30 P.M. Russelltovn, Texas
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potatoes in Car H (Figure 10 ) increasod in temperature spread for several
days, and on December 18 ther--^ vras 18 degrees difference between average
potato temperatures in the top and bottom layers. All five of the cars
containing circulating fans showed very uniform potato temperatiares through-
out the trip,

Potato Temperatures

Gar A - FiguTi 3.
'

This car was loaded with potatoes that had been pre-warmed for four weeks
and were to be carried at an average temperature of about 55°. As shovm in
Figure 3, the potatoes were 55Q to 55° at loading and gradually increased
in temperature throughout the transit period. They reached an average
temperature of S5° on December 19 and were 68° to 69° when unloaded. Even
temperatures were maintained by the operation of the built-in circulating fans.

Car B - Figure 4.

The potatoes loaded in this car were pre-vrarmed for four weeks and were to
be cooled in transit. Outside temperatures were not conducive to cooling
the load with the result that the potatoes cooled a few degrees during the
first day in transit, and th^n rem.ained slightly under 55° through December
19, after which they gradually warmed to an a"3rage of about 58° at unloading.
Heaters were not lighted in this car and the ventilators vrere closed through-
OMt the trip.

Car C - Figure 5,

This car was loaded with potatoes from a cool cellar. These v/ere to be warmed
to 65° in transit for the purpose of determining whether the desired effect
upon the seed potatoes could be secured by a s'hort warming period vrhile the
potatoes wore in transit. At the completion of loading, potato temperature
averaged 41 , The potatoes were gradually warmed by means oi" charcoal hea.ters,
but their tempera.ture did not reach an average of 65° until the afternoon of
December 20, At unloading time the potato temperature averaged about 69°

.

The vrarming of the load to 65° was somewhat slower than was desired for the
purposes of the experiment; but it must be kept in mind that the charcoal
heaters in use were developed for protection of the load against freezing
and are of limited heating capacity. Calculation of the 3,mount of heat re-
quired to raise 45,000 pounds of potatoes from 41° to 65° F. shows the fol-
lowing: 45,000 X .8 X 24 - 864,000 B.t.u. The commonly used charcoal heater
burns approximately if2 poujid of chajrcoal an hour with the draft slide open,
which means that approximately 1 pound of charcoal is burned per hour in two
heaters. Charcoal produces aioproximately 13,000 B.t.u. per pound when burnedi
so theoretically, it would require 864,000 f 13,000 or about 66-1/2 hours to
raise 45,000 pounds of potatoes from 41° to 65° by means of two charcoal
heaters. This calculation does not take into consideration warming tha con-
tainers, heat transfer through the caa- walls, or the heat of respiration.
That a period of about 140 ho-ors v/as actually required to raise tha avcra.ge
temperat\iro lo 65° is perhaps due to the fact that heaters v/ere opera/ting
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on slow-lD\irn dra-f t adjustment during part of this period in am effort to

prevent fires in the magazines; and also due to the fact that one heater
went out sometime between DecemTDer 17 and 18, and was rolighted e.bout^ noon
on December 18.

Car .D - Figure 6.

These potatoes were loaded into the car from cool storage sjid were trans-
ported cool. As shorn in the curves, these pota.toes carried at tempera,-

tures below 45° for about 4 days, and then grcdua.llj'' rose in temperature
to 51° to 54° at time of unloading. No heaters wera operated in this car

and the ventilators were closed throughout the trip.

Oar E - Figure 7.

This ca.r was loe.ded with potatoes tha.t ha.d been pre-warmed for 1 week and
vrera loaded at temperatures from 53° to 54°, Teriiperatures throughout the

load were raised gradually by means of charcoal heaters, so that the load
averaged 65° by the afternoon of December 19, At unloading, potato temperar-

tures were from 38° to 70°.

Car F - Figujre 8.

This standard car without fa,ns v/as loaded xidth pota.toes that had been pre-
warmed for 3 we.-^ks. Potatoes in the top la,ycr rose rapidly in temperature,
r-^aching 65° by the afternoon of December 16. The middle layer of potatoes
increased in temperature more gradually, reaching 60° at noon on December 18
and 55° only a,t the end of the trip. The average tempera-ture in the "bottom-
layer potatoes did not rea.ch 60° until December 20, a,nd never did rise to 65°,

Ca.r G - Figure 9,

This a-lso v/as a standard car and was loaded \'ith potatoes that had been pre-
warmed for 3 v/eoks. The potatoes averaged a.bout 54° to 55° at loading, ajid

those in the top and middle layers rose very gradually to about 57° on the
sixth day. The top layer of pota.toes then rose more rapidly to a temperature
of 54° at unloading. Potatoes in the bottom layer decrea.sed slightly in
temperature for the first 2 days, -and th'-n rose slov/ly to about 58° at un-
loading. Ventilators were closed during the entire trip; and the automatic
heaters did not turn on, due to tho aar temperature being continuously above
the thermostat setting.

Car H - Figure 10.

Potatoes vr-,,re loaded into this car from a cool cellar, but were at temper—
tures of nearly 49° when loading was completed. The load was warmed in
transit by means of 2 ch-arcoal heaters. As the car wa,s not eouipped with
fans, the spread in potato temperature was increasingly great for several
days after departure. Potatoes in the top layer reached 65° by the evening
of December 17; ^-hile those in the bottom layer reached 65° only on the last
day Just prior to ujiloading. There v/as a spread of about 17° between top-
layer a,nd bottom-layer potato temperatures on December 18.
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Car K ~ Fig-are 11,

This also was a stajidard car, was loaded vrith potatoes from ? cool cella.r,

and t«ras shipped with a.utoinatic heaters set at 32°. Potato temperattires
remained fairly even throughout the load for the first four days, gradually
rising from 43°—44° to 46°—47°. The top-layer potatoes th^-n rose more
rapidly, due to higher outside teraperatxires, and averaged about 59° at un-
loading. Potatoes in the bottom laj'-er averaged about 52° at unloading,
and those in the middle layer about 54°.

, .

Carbon Dioxide

The concentrations of, carbon dioxide found in Cars H and C at top of loa.d

level are sho'>''n in Table 9. Loading on Car H was completed at noon on
December 15, and the charcoal heaters vrere placed in the bunkers at 3:30 P.M.

As Car H did not have circulating fans, there is some possibility that COg
concentration might ha,ve boen somewhat higher near the floor of the car
from v/hich no sa,mples could be taken. In this car there was a gradual in-
crease in carbon dioxide concentration, from 1 percent on the afternoon of

DecGiabor 16 to 3.2 percent on the afternoon of december 19. On December 20^

after both heaters had been darkened for 18 hours, the concentration dropoed
to 1/2 percent.

Car C, which vra?.; equipped with circulating faJis, was loaded on December 14,

and the ti-o charcoal heaters burned 3.11 through the night of December 14.
They vjere removed for- a fevr hours on December 15, and replaced in the
bunkers at 3:30 P.M. Thus Car C had ha,d about 15 hours more heating than
6ar H at the time the first gas sample \iras talcen. In addition the air in
Car C had been v;ell stirred by 15 hours of fan operation preceding the

taking oi the first sample. As shown in the table, 4.8 percent of csxbon
dioxide v/as found in Car-C at the first sampling on December 16, Subsequent
readings shovred 3.2 and 4.0 percent COg when 2 headers were operating, end

1,5 to 2.2 percent CO2 with only one heater burning.

Condition at Unloading

The loads were in very good condition when the doors were opened at destina-
tion. Very few ba.gs w:-re in contact with the side walls, and little shift-
ing ha,d occurred. There was moderate bruising and friction injury on the

potatoes a.djacent to the floor racks, which wa.s expected as no oaper or

padding vras used on the floor racks. Hoi-rever, no injury was present which
would detract from their value a^s seed. Examination of the potatoes showed
no evidence of sprout growth on any of the potatoes; and in a subsequent
cutting of a number of potatoes from each car, no sign of blacklie8,rt was
seen. ApparentD.y the heating of th^ cars was not sufficiently rapid to

induce blackheart which has been reported by other worker's as associated with
oxygen deficiency resulting from a rapid increase in respiration ra,te with
a rise in temperature.

'
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Tabl* 9* Carbon Dioxide Concentrations in Heated Cars of Seed Potatoes -

Seottsbluff, Nebraska to fiusselltown, Texas - Transportation
Test « lebraaka, I9U2-I.

TINS
m 67I89 - CAR H BEE - CAH C

GAHBOH
DIOXIDl

OPBEATION or
HMTEHS

CAE30N
DIOXIDE

OPIEATION or
HEATERS

Percent Percent

Deo. 1:20 P.N. 1.0 Two heaters on; fast
oiim xj

k.8 Two heaters on; slow
Dum ±/

Oao. 17 6100 P.M. 2.6 Two heaters on; fast
burn

3.2 Two heaters on; fast
burn

Dee. 18 5:00 P.M. 3.0 Two heaters on; slow
burn

1.6 One heater on; fast
burn

Dae. 19 5:00 P.N. 3.2 One heater on; slow
btum

h.o Two heaters on; slow
bum

Oto. 20 U:30 P.N. 0.5 Soth heaters dark-
ened for 18 hours.

2.2 One heater on; slow
bum

1/ Sinplex charcoal heaters
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Second Test - Nebraska to Alabama

Loading

The nine cars, constituting the second test, were loaded at Gering, Nebraska
on January 15, 16, and 17. During the first day of loading the outside
temperature ranged from 40° to 58°, but during the night of January 15-16
the temperature dropped sharply with the result tha.t loading was restricted
during the next 2 days to a few hours during mid-day when temperatures were
above zero. As the potatoes were hauled sever-^l miles to the cars, special
precautions were used to prevent freezing on the trucks. Canvases, cover-
ing the entire load, "^ere used on the trucks and were unrolled over the
bags as they were loaded and rolled back in unloading. As additional pro-
tection, a layer of several inches of shredded paper was used on the truck
floors, numerous checks were made on potato tempei-atures during the time
they ^7ere loaded into the cars to determine tha.t no freezing had occurred.
Car doors were closed except when actual loading was in progress, and
heaters were operated in the cars as soon as any potatoes were placed in

them. Potato temperatures at loading, the time of loading, and other
pertinent data are shown in Table 10.

Schedul e and Outside Temperatures

The test cars left Gering in the afternoon of January 17, The detailed
schedule of the test train is shown in Table 11. As will be noted, the

test cars remained in Council 31uffs, Iowa for about 26 hours, due to traffic

difficulties caused by drifting snow and severe cold,

A record of outside temperatures during the ":. oading and transit period is

shown in Figure 12. Outside temperatures during the first 3 days of the

test x"ere mainly below zero with a lovr reading of -16° T. at Grand Island,

Nebraska. During Jamoary 21 and 22 the temperature rose steadily, reaching

almost 800 on the afternoon of Januaiy 22. On the following days the tem-

perature remained warm, being above 60° a major part of the time.

Heater Operation

All of the fan cars and two of the standard cars were equipped with thermo-

statically controlled alcohol heaters. The heaters in the cars to be shipped

warm at first were set at 65°, but it was determined during loading that

the setting '-"as too high, since the heater is placed near the floor and the

temperatures at the thermostat are m.uch lower ths.n those prevailing nearer

the car ceiling. Accordingly, the thermostats were set at 50° while the

cars were standing during loading, and were adjusted to a final setting

Just before the cars left Gering. Detailed data on heater a,nd fan operation

are shown in Tables 12 and 13. The ventilator mnipulation, and the light-

ing and darkening of the charcoal heaters are shown in Table 14.

A thermostat setting of 55° appeared to be about correct for maintaining a

warm load at temperatures around 65° in a fan car. At this setting the

heaters were burning a sufficient proportion of the time to raise the average

load temperature gradually from 60° to 68° in about 10 days.
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Table 11. Schedule of Teat Train - Gering, Nebraska to Robertsdalle, Alabama -

Routing: U.P. , Oering to Council Bluffs; I.C. , Council Bluffs

to Gulfportj L & N, Gulfport to Robert sdale - Transportation
Test - Nebraska, I9U3-I.

ARRIVAL
STATION

DEPARTURE

DATE TIME DATE TIME

Gering, Nebraska 1/17 3:20P

1/17 5:30P Lewellen, Nebraska do. 6: OOP

Do. g:U5P MT North Platte, Neb. I/I8 2:05A CT

1/18 8:10A Grand Island, Neb. do. lOrlOA

Do. U:55P Council Bluffs, lo. 1/19 7: OOP

1/20 5:25A Waterloo, lo. 1/20 6:35A

Do. l:10P Freeport, 111. do. l:25P

Do. 5:30P Hawthorne, 111. (Chicago) 1/21 6:30A

1/21 lltlOA Ghaispaign, 111. do. 12:55P

Do. 6:10P Bluford, 111. do. 8:05P

1/22 2:50A Pulton, Ky. 1/22 U:00A

Do. 9:30A Memphis, Tenn. do. llrOOA

Do. 7:10P Gwin, Miss. do. 7:50P

Do. ll:55P Jackson, Miss. 1/23 2:00A

1/23 10:30A Gulfpoft, Miss, 1/23 H:20P

Do. ll:UOP Mobile, Ala. 1/25 7:00A

1/25 12:30P Bay Minette, Ala. do. 8: OOP

Do. 10:30P Robert sdale, Ala.
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Car the fan ca.r that w?.s loaded ^^'ith cool potatoes to be warmed in transit,
had the alcohol heaters set at 60° as a greater amount of heat was required
in this car. Cars tO; be transported at lower temperatures were equipped
with only one alcohol heater, which was placed in the front bunker with the
thermostat set at 34°. Car S (Standard Cs,r) originally had one alcohol
heater operating in each bunker with the thermostat set at 50°; but the
front heater was turned off in Council Sluff s because of excessive temper-
atures in the top of the load. Without fans to circulate the air, the two
heaters burned continuously at a setting of 500.

Car X, a standard car with charcoal heaters, was operated under the regular
Carriers' Protective Service rules, namely: front heater, lighted at an out-
side temperature of 20°; rear heater, lighted at -5°; heaters darkened in
the same order, and ventilators opened at 32°.

Fuel consumption in the automatic alcohol heaters is shown in Table 15.

Circulating Fans

As shown in Tables 12 and 13, fan cars with a heater only in the front end
had only the rear fan turned on. This was dons to prevent the warm air
from circulating in only one end of the car with the attendant danger of

freezing temperatures in the end without a heater. Car P was operated with
one heater set at 34°, and the' fan operating in the opposite end of the car
from Gering to Chicago. At this point the x-^otato temperature in the bottom
bunker position at the front end had dropped to 33°; and, as the outside
temperature was low, the heater was set up to 40° temporarily and the front
fan turned on. The temperatures, resulting from these manipulations, make
a.n interesting study in air movements. A graphic portrayal of the potato
temperatures after loading, with only the rear fan operating as well as
with both fans operating, is shown in Figure 13. It appears from the tem-
perature distribution that warm air from the heater moved by natural con-

vection through the top btilkhead opening, and there met the stream of air
driven along the top of the load by the operation of the fan at the rear.

The warm air was drawn into the stream and pa.ssed back through the load
along the sides of the car to the fa.n, as shown by the arrows in the diagram.
Air return through the bottom bulkhead opening of the front bunker was only
that caused by natural convection; and it ^ms rather slow, as indicated by
the potato temperature of 33° at the bottom bunlcer and the air temperature
of 27.5° secured jxist before turning on the second fan.

The lo^er figure shows the potato temperatures at the first reading, made
after turning on the front fan. It ^vill be noted that the front top tem-

perature dropped ::everal degrees, and that at the front bottom bunker position
rose I-I/2 degrees. The bottom air temperature rose 6-1/2 degrees to 34°.

Temperatures in the rear half of the car all dropped slightly as heat from

the front heater was now circulated principally in the front half of the car.
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These figures, representing only one car, are not 'oy any means conclusive,
out they indicate that there are certain proDlems in connection with
operating heaters in only one end of a fan car. With a fan operating in
the opposite end from the heater, there is da.nger of a cold pocket in the
loT.'er half of the load at the heater end; and vith Doth fans operating
there is the prohahility that rmich of the heat will circulate in the end
containing the heater.

Comparisons of air temperature in a fan car and in a standard car are
shovn in Figure 14. The standard car (Car V) -^as loaded on December 15,
^'hen outside temperatures were relatively milo.; and as a result, the
bottom air teraperature in Car V was considerably higher after loading
than that in Car H, which was loaded when outside temperature was around
zero. As the curves shor, the top air tempera.ture in Ca.r K rose sharply
until the ca,rs started moving; and then dropped materially, as the air was
circulated by the fans. Other rises in temperature occurred during the
26 hours the cars were standing in Council Bluffs; and on the night of
January 20, '-•'hile in the Chicago yards. Top air temperatures were con-
sistently higher in Car V than in Car IT, and bottom air tem.peratures were
slightly lower in Car V after the initial difference in temperature was
equalized.

Potato Temperatures '

Car L - Figure 15.

This was a fan car loaded with potatoes tha.t had been pre-^rmed for 18
days and were to be maintained at a temperature of about 65° to destination.
As tne curves shov, the top potato temperatures rose to 76° during the time
the car was standing at loading point, but dropped below 70° soon after the
fans started operating. For the remainder of the trip, the top potato
temperatures varied between 63 and 69°.

The potatoes in the middle layer were about 60° when loaded, about 62°

when the trip was started, and showed a gradua.l rise throughout most of the

trip to an unloading temperature of about 69°. Potatoes in the bottom
layer were 60° or below until Janua.ry 21, after which they gradually rose
to about 58°. It appeared that a thermostat setting of 55° on the automatic
heaters was about right for maintaining a load of pre-warmed potatoes at
approximately 65° in a fan car. During the period of January" 16 through
January 20 the outside temperatures were consistently low, and the results
indicate that had higher tempera.tures prevailed during this period ex-

cessively high potato temperatures might ha.ve occurred when the cars were
standing and fans were not operating.

Ca.r M - Figure 16.

These potatoes were pre-i^armed for 18 days and loaded into a fan car equip-
ped with one automatic heater set at 34°. There was a general drop in
potato temperature until the long stop at Council Bluffs at which time the
top and middle Layers rose some'^'hat in temperature. Potatoes in the bottom
layer showed a grad\ial decre-'se in temrjerature until Janua^ry 21, after which
they increased graduallj^ to an unloa.ding temperature of about 56°.
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Ca,r IT - Figure 17.

This was also a fan car equipped with autoina,tic alcohol heaters. Cool

storage potatoes were placed in this car, and they were to "be warmed to
65° as rapidly as possihle. It was originally planned to operate 5 alcohol
he&ters set at 60° in this car, but the need for a substitute heater in
another car interfered with this plan. Consequently, the car was moved
with one heater in each hunker. As the cha.rt shows, the potatoes warmed
rather slowly, which, however, was to he expected, considering the low out-
side temperatures to which the cars ^"'ere exposed for five days after loading.
Potatoes in the top layer fluctuated in temperature considerably, folloifing

the action of the circulating fans. Top layer potatoes were above 60° most
of the time after January 18, and were unloaded at about 68°.

The potatoes in the middle and bottom layers increased in temperature more
gradually, and did not reach 60° until January 22. At unloading, these
potatoes were about 67°.

Car P - Figure 18.

Potatoes from cool storage were loaded in this car; and as they were to be

carried at low temperature, one automa,tic heater set at 34° was provided
for protection against freezing. As the curves show, temperatures below
40° were maintained in the middle and bottom layers until the afternoon of

January 23. Temperatures in the top layer varied from 36° to 43° until
January 24, after which time they rose quite rapidly to a final temperature
of 53°.

Car R - Figure 19.

This was also a fan car, and was loaded with potatoes which had been pre-
warmed for 1 week. Two automatic alcohol heaters set at 55° were used to

maintain a temperature of 60° to 65° in transit. Potato temperatures in
this car ^rere much the same as these in Car L. Sharp rises in top layer
temperature occurred while the car "^as standing; but were equalized quickly
when the car was moving. Bottom and middle layer temperatures were between
60° and 65° throughout most of the trip, and 66° to 67° at unloading.

Car S - Figure 20.

The potatoes carried in this car ha,d been pre-warmed for 3 weeks at 65°,

and then reduced to 50°—55° for an additional 5 ^^eeks of storage. This
wa.s a standard car without circulating f°ns, and '^-as heated by means of 2

automatic alcohol heaters set at 50°. The potatoes were to be carried at

an average temperature of about 65°.

As Figure 20 shows, there was a tremendous spread in potato temperatures in

this car, due to the lack of adequate air circulation. Potatoes in the top
layer increased in temperature to a high of 76° on January 19 at which time
the front heater was extinguised to prevent da.mage from excessive heat.
The top-layer potato temperatures tnen dropped gradually to about 65°, and
averaged 67° at unloading.
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The middle-layer potatoes rose in temperature at a rather constant rate
from 49° at loading to 64° at unloading.

Due to the low outside temperature and the poor air circulation ^ithin the
car, the "bottom layer decreased slowly in temperature to slightly under
45^ on January 20. After this time it increased in temperature gradually,
to a final average temperature of 57°. -

The- temperatures ohtained in this car showed definitely that the thermo-
statically controlled heater was not, in itself, the answ'er to the problem
'of temperature variation within a car. Response of the thermostat ^^as

governed entirely hy the temperature of the air immediately adjacent to the
thermostat. As the thermostats were located near thefloor of the car
where temperatures were relatively low, the heaters were "burning continu-
ously for the first seven days with a thermostat setting of 50°. Air tem-
peratures near the top of the car were high enough to raise potato tempera-
tures in the top layer to an average at one reading of 76°, while bottom-
layer ;:iota.to temperatures at the same time averaged only 46°. A lower
thermostat setting would only have resulted in somewhat lower top and bottom
temperatures without decreasing the spread, in temperatures. However, pre-
viously presented figures ha.ve indicated that in the fan cars the thermo-
statically controlled heaters were of distinct advantage in controlling
temperatures, as the air circulation caused by the fans exposed the thermo-
stat to temperature conditions more representative of the entire car.

Car T - Figure 21.-

This car was also loaded with potatoes whicn had- been pre-wa.rmed for 3 weeks
at 65°, and 5 weeks at 550. One automatic heater set at 34° wa.s used, as
the potatoes were to be cooled in transit. As this car did not have cir-
culating fans, the air temperature at the thermostat location soon dropped
lo^ enough to turn on the heater, The result was a gradual rise in top-

layer potato temperature for the first three days. During this time the

potatoes in the bottom layer dropped below 40°, and potatoes in the middle
layer remained about the same. After the third day the heaters burned
intermittently and the top-layer potatoes lowered ;somewha:t in temperature.

From January 21" to the end of the trip, tfiere was a gradual rise in all
potato temperatures, _due ,princi;pally to a distinct moderation in the weather.

Car V - Figure 22.

Potatoes were loaded into this car from a cool storage and were -"armed in

transit by means of 2 charcoa^l heaters. The car '"as "'ithout fpns, as a

result of which top-layer potato temperatures rose rather rapidly to an
average of 70° on January 18. During the balance of the trip, the top-layer

temperature varied betx-^een 70° and 75°. "Potatoes "in the middle layer in-

creased in temperature at a fairly constant rate, reaching 60° on January 20,

65° on January 23, and 70° at unloading time. Bottom-layer temperatures
averaged about 5 degrees lower than those in the middle layer.
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Oar X - Figure 23.

This standard car wa.s loaded ^dth -ootatoes from cool storage, and was

handled by regular ferriers' Protective Service rules. One or tvro cha,rcoal

heaters, depending upon the outside temperature, were "burning throughout

the first 3 days of the trip. On January 21, ^^hen the outside temperature
reached 32°, the ventilators ^vere opened and rerna.ined open throu^^hout the

rest of the trip. As the cu.rves show, the potato temperature rose slowly
while the heaters were operating, dropped shs.rply when the ventilators
were opened, and then increased as the outside air became warmer.

Analyses of _fer Atmospheres

Unfortunately, no gas samples were obtained during the first two days of

the trip, as moisture had condensed in the copper tubing and frozen so as

to block air passage. However, samples were obtained from the standard car

^'ith charcoal heaters on January 19, and daily thereafter; and from the fan
car with autom-'?tic alcohol heaters, beginning on Ja.nuary 21. The record
of carbon dioxide, oxygen, and ca.rbon monoxide concentration is shown in

Table 16. Car V showed 3.5 percent ca/cbon dioxide, 15.6 percent oxygen,

and .3 percent ca.rbon monoxide on January 19. On January 20 the carbon
dioxide was lo^^-er, and the oxygen was nigher. The record of car operation
does not account for this difference as the car was closed throughout this
period and both clLarcoal heaters burned continuously. It is possible tha.t

a high initial respiratory rate ray account for tne ea.rlier concentrations.
Subsequent readings on Car V were ms.ce wnen only one heater '"^b burning
and showed 1.2, 1,5, and 2.3 percent carbon dioxide.

The fi""st reading made on Car IT showed 2.0 percent carbon dioxide, 18
percent oxygen, and no ca.rbon monoxide; and later readings showed about
the same concentrations.

The ^,as determinations rna.de on th<^ two test trips indicated that no accumu-
lations of gas sufficient to be ha.rmful to potatoes occurred as a result of

charcoal or alcohol heater operation. It is proba.ble that sufficient gas
transfer occurs through the ca.r ^^alls to prevent excessive accuimilation.

The fina.l measure of the effect of the recorded gas concentra.tions i-'ill,

of course, be the records of gro^-'th a.nd yield secured on potatoes car-^ied

in these cars.

Condition at Unloading

Some delay was encountered in unloading the test cars after arrival at
destination. Mo :t of the potatoes ^ere unloaded directly into gro^i^ers'

trucl-:s, and intermittent rains prevented the groT.'^ers from hauling steadily.
The result was that the unloading of the nine cars dragged along from the
morning of January 26 to mid-morning of January 29.

The cars were in £,enerally good condition ^hen opened witn very few bags
touching the side v^a.ll and ver?- little shifting of the loads. Detailed data
on the potatoes are sho"'n in Table 17. There was no freezing damage in any
of the cars; and sprouting varied from none in cool potatoes, shipped cool,

to sprouts up to 2 inches long on potatoes pre-warmed and shipped warm.
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Table 17. Record of Unloading Seed Potatoes Shipped from
Hebraeka to iilabama - January 19^3*

CAB
PIAC5 DATX

CONDITION OP POTATOES

UNLOADED UNLOADED
xaJUuLXUyx OraXJUxlav

L Roberttdale Jan. 2S none Starting to I/8 inch

N Sxunmerdale Jan. 27 none Starting to I/16 inch

H Roberttdale Jan. 27 none None to starting

P Suomerdale Jan. 26 none None

E Robert sdale Jan. 28 none Starting to I/16 inch

S Robert edale Jan. 28
and 29

none l/k to 1/2 in. in bottom layer;
1 to 2 inch in top layer

T Loxlej Jan. 27 none l/h to 1/2 inch

V SuBunerdale Jan. 27
and 28

none l/k to 3/U inch top layer? l/S to
l/k inch bottom layer

X Poley Jan. 28 none Pev starting in bottom Isiyer;

starting to l/S inch in top layer
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SUMlvIARY

Two transportation tests were conducted with NelDraska. seed potatoes to

determine the effect of storage and transit temperatures on growth and
yield in two Southern pota.to districts.

This report covers only the transit phases of the ^-ork, and includes (l) the
'

adaptability of different types of car heaters; (2) the effectiveness of

circulating fans; and (?) the practicability of raising potato tesiperatures
in transit.

The first test consisted of nine cars of potatoes (450 sacks each) and moved
from Scottsbluff, Nebraska to Basselltown, Texas. Nine cars were also in-

cluded in the second test which moved from Gering, Nebraska to Robert sdale,
Alabama.

Outside temperatures encountered on the first test ^"ere moderate, ranging
from a low of 24° F. to a high of 76°. In the second test the cars were
subjected to sub-zero temperatures for several da.ys.

Results indicated that the increased dra.ught, caused by the circulating fans,

tended to cause the cha,rcoal heaters to burn in the fuel magazine, although
the evidence on this point was not conclusive.

No evidence was obtained on the operation of the F.G. E. automatic a.lcohol

heaters. They were set at 32° F. , and air temperatures within the car did
not become sufficiently low during the first test, (when they were used),
to operate the heaters.

Potato temperatures obtained in the bottom, middle,, and top layers showed
that circulating fans materially reduced the difference in potato tempera-
tures in different pa,rts of the car as compared with standard cars.

The P.F.E. automatic sloohol heaters ga.ve good results, particularly when
operated in cars containing circulating fajis. However, in standard cars

there was as great a spread in temperatures in cars heated by thermostatically
controlled heaters as in those heated by charcoal heaters.

Evidence was obtained which indica,ted that the operation of a. hea.ter in one

end of a, fan car creates problems in air circulation. When both fans were
operated, the warm air tended to circulate in the end of the car cohtaining
the heater. When only the fan at the opposite end from the heater was
operated, a cold pocket was created near the floor in the heater end of the

car.

From 6 to 7 days were required to warm a 45,000-pound load of potatoes from
an average tempere^ture of 42° F. to an average temperature of 65° by means
of 2 charcoal or alcohol heaters.

The "I^ramid Through Load" carried very well with very little shifting of

sacks, and good air channels v^ere iTiaintained around the load.
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Analysis of the atmospheres inside several cars during the transit period
showed carbon dioxide concentrations ran^^ing from 1.2 to 4,8 percent with
one or two charcoal heaters burning. Oxygen concentrations were reduced in

amoiints roughly equivalent to the increase in carbon dioxide. Concentra-
tions of carbon dioxide up to 2 percent were found in a car in which two

alcohol heaters were operating.

The potatoes were all in good condition when unloaded. No evidence of

freezing ^^as found, and the amount of sprouting was in direct relationship
to the temperatures under which the potatoes ha.d been stored and tra.nsported.
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P3RS0HI^IH1L OF T^IST TRIPS

First Test - NelDraska to Texas

A. Lloyd Ryall
Assoc. Pomolosist

Bureau of Plant Industry
Harlingen, Texas

Scottsbluff, Nebraska
To Russslltorn, Te:s,s

A. A. Hamer
G-eneral Mecli. Insp.

Fruit Growers Express Co.

Alexandria, Virginia
Scottsbluff, Nebraska
To RusselltoT'Ta, Texas

H, B. Meinliardt Chicago, Burlington & Q,uincy R.R. Scottsbluff , Nebraska
G-en'l Agent, Perish. Tr. Chicago, Illinois To Kansas City, Mo.

0. E. Pearson Chicago, Burlington &Q;uincy R.R. Scottsbluff, ITebrasl^

Ass't. Supt. of Trans. Chicago, Illinois To Kansas City, Mo.

A. K. Hepperly
Agricultua-al Agent

Chicago, Burlington &Qpj.incy R.R. Scottsbluff, Nebraska

Denver, Colorado To Kansas City, Mo.

J. R. Griegerich

SuTDervisor of Service
Burlington Refrig. 3:cpress Co. Scottsbluff, Nebraska

Chicago, Illinois To Kansas City, Mo,

J. M. Lutz
Assoc. Physiologist

Bureau of Plant Industry
Meridian, Mississippi

Kansas City, Missouri
To Russelltown, Texa^s

J. T. Bradford
Traveling Frgt. Agent

American Refrig. Transit Co.

San Antonio, Texas

Kansas City, Missouri

To Russelltovn, Texas

H. A. Black
Service Inspector

Fruit Growers Express Co.

Alexandria, Virginia
Kansas City, Missouri

To Russell town, Texci.s
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Second Test - NeTbraska, to Alabama

A. Lloyd Ryall
Assoc. Pomologist

Bureau of Plant Industry G-ering, l^Iebraska

Harlingen, Texas To Roberts dale, Ala,

J. M. Lutz
Assoc. Physiologist

Bureau of Plant Industry Gering, Nebraska
Meridian, Mississippi To Robertsdale, Ala.

R. A. Doering
Test Engine 3r

Pacific Fruit 3:cpress Co.

San Francisco, California
G-ering, Nebraska
To Gulfport, Mississippi

F. C. Paulsen
Gen. Mgr. Eastern Dist.

Union Pacific R. R.

Omaha, Nebraska
Gering, Nebraska,

To Omaha, Nebraska

T. H. Alexander
Agricultural Agent

Union Pacific R. R.

Omaha, Nebraska
Gering, Nebraska
To Omaha, Nebraska

J. D. Tuttle
Supt. PerisiieCble
Freight Service

Illinois Central R. R.

Chicago, Illinois
CouJicil Bluffs, lova
To Gulfport, Mississippi

H. A. Black
Service Insioector

Fruit Growers Express Co.

Alexajidrla, Virginia
Gulfport, Mississippi
To RobertsdaJe, Ala.
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